Male Sprague Dawley rats were allowed to self-administer cocaine (0.5 mg/kg) during 90 min sessions for a period of 15 days. On day 16, rats were either held abstinent in their home cage environment or experienced an extinction session in which the active lever had no programmed consequences. Facilitating N-methyl-d-aspartate (NMDA) receptor activity with the coagonist D-serine (100 mg/kg i.p.) before or following the extinction session significantly reduced the subsequent cocaine-primed reinstatement of drug-seeking behavior tested on day 17. D-Serine significantly reduced drug-primed reinstatement only when combined with extinction, and its effectiveness when administered following the training session suggested that an enhancement of consolidation of extinction learning had occurred. In contrast, D-serine treatment did not reduce sucrose-primed reinstatement, indicating that the beneficial effects of this adjunct pharmacotherapy with extinction training were specific to an addictive substance (cocaine) and did not generalize to a natural reward (sucrose).
Introduction
The propensity for relapse constitutes a crucial component in the disease of drug addiction. Exposure to drug associated environments, discrete conditioned stimuli, and drug ingestion elicit craving in human addicts (Ehrman, Robbins, Childress, & O'Brien, 1992; Foltin & Haney, 2000) , which is thought to promote relapse. In preclinical studies, ''craving" is commonly investigated using the rodent extinction/reinstatement model to assess drug-seeking behavior. In this model, rats respond for drug infusions in a distinct context and/or in the presence of discrete conditioned stimuli. The animals then undergo extinction training in the absence of drug and cues, resulting in decreased response rates. Extinction is a form of new learning that counters the expression of conditioned response (reviewed in Myers & Davis, 2002) . Extinction also suppresses the possible contribution of several exogenous variables like habit, stress, and exploratory behavior toward lever pressing and produces neuroadaptive changes (Sutton et al., 2003) . Once a criterion level of extinction is attained, the animals are tested for reinstatement of drug seeking. Reinstatement refers to resumption of drug seeking following exposure to either diffuse contextual cues (Ciccocioppo, Sanna, & Weiss, 2001) , proximal conditioned stimuli (Meil & See, 1996) , inducers of stress/anxiety (Shaham & Stewart, 1995) , or re-exposure to the drug itself (deWit & Stewart, 1981) . The advantage of this model is that the factors that contribute to increase in craving and relapse in a clinical situation have been shown to reliably reinstate the drug-seeking behavior in extinguished animals (Shalev, Grimm, & Shaham, 2002) . Thus, it has been argued that a reasonably strong case can be made in support of validity of this model for addiction in humans (Epstein, Preston, Stewart, & Shaham, 2006) .
Although the neurobiological mechanisms underlying evoked reinstatement have been the subject of intense investigation (recently reviewed in Feltenstein & See, 2008) , the question of how extinction training leads to a reduction of instrumental responding for an appetitive stimulus is largely uncharacterized. As extinction is recognized as a new learning process, it requires the recruitment of synaptic plasticity mechanisms required for learning and memory. Investigations in cellular models of learning and memory (long term potentiation-LTP and long term depression-LTD) have shown that many of the forms of synaptic plasticity are N-methyl-daspartate receptor (NMDAR) dependent and require the subsequent cascade of events triggered by the calcium influx which include insertion (LTP) and removal (LTD) of AMPA receptor (AMPAR) from post synaptic membranes (Malenka & Bear, 2004) . We have reported that NMDAR activity during extinction is required in order to observe a subsequent reduction in
